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flow due to steam 
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test per ASME code PTe 6. An 
level was 
and a few 

The 
success of the 

well as a summary of work nprrnrrn,pn 

be of interest to 

SCC Stress Corrosion 
LP Low Pressure Turbine 
HP Pressure Turbine 
SONGS San Onofre Nuclear 

Station 
SCE 
OEM 
PWR Pressurized Water Reactor 
MSR Moisture 
SG Steam Generator 

low 

NDE Non Destrudive Examination 
RCS Reador 

SONGS has almost 
Unit consists of a 3410 
Steam The steam 

Nuclear 
were 
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to deliver 855 stearn 
turbine inlet at 100% rated power. 

1800 rpm, 1127 MWe rated stearn turbines 
1983 and 1984 units 
in excess of 1 hours 

of the turbine retrofits. Each unit 
flow HP turbine 

the reheat stearn 
flow LP turbines with 45" last 

Reasons For HP 

can pass IS 

the inlet stearn pressure. A way 
the same amount stearn to the turbine 

main stearn pressures. The increase in area 
in the first three HP 

the stearn 
to remove heat 

fram the side of the 
The result was a determination that Res could be 

a of 3°F and pass the full 

power stearn flow to the turbines. 

HP 

The stearn flow from the SG has two 
95% to the HP and the 5% 

to the MSR ). It was to know 
both the absolute level of stearn flow from the SG 
the stearn to each to 

to the HP 

in order to maintain stearn 
pressure, whilst too small an increase would not allow the 
full benefit of the reduction ReS 

1 San (Jllofi-"t" SeCO!ld.tfY 
(I )ictgrJllunatic) 

pressures and 
were taken on Unit 3 

with the use of chemical tracers to estimate 
the actual 

The increase in HP turbine was 
the HP turbine throttle valves to reduce 

pressure when wide open, and then 
the HP turbine Flow area new 

with fixed throat areas, 
in the first three 

ALSTOM Power 

Reasons For LP 

The concern with the 

rim and balance hole 

fixed 

LP In 

on units of similar 
of see in the disc 

rotor 
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a multi
various 

the turbine 
rotors life in a and economical manner. The team 

was chosen to address all a turbine 
program. 

two universal rotors as maintenance 
three new rotors of 

6 new rotors 

rr)\i',nl"n the least risk that 

C 
assume some risk since three 
refurbished rotors. B 

was not realistic it was maintenance 
rotors would not have been 

12 A 
of risk since none of the rotors would 
and had to occur 
This that 
resume, the risk was the economic 
would have faced if 

LP 

In order to twin of the 

see AVj:>IIj'l:ln(~e 

The San Onofre LP retrofit is based on the 
use of welded rotors constructed from two and 

been 
since 

process. Welded rotor 
ALSTOM Power on nuclear units 

970s. 

"01'01]0","' LPliJrbim: Relrotit 

The welded rotors do not have the bore stresses and 

on disc construction. 
better control of material and are easier to 

The welded rotors never a 

The the L-O and L- 1 
the 
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stress and 
stresses allows the rotor 

15-20% lower than an 
disc rotor. 

Discussion on the results of extensive ALSTOM Power 
into the causes and the avoidance of see is 

in Ref 3. 

The second 
flow LP turbine 
ALSTOM Power 

to maximize 

condenser pressure via 
LP exhaust hoods. 

In 

Conventional Doubleflow 

The 
avoid the use of 

3 flows 

6 floW!; 

LP turbines. The increased blade 

attachments and 

of both a 

seals 

Shroud for High Fbre 

with an 

residual kinetic energy 
in the exhaust steam at the condenser pressure. A 

the l-O blade has a 
root 
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LP exhaust hoods ~rc'r~n}~ 

restriction to the steam 

axial steam space This restriction was 
the installation of new 

flow 
sized hoods 

state of 

PAI-i'nlrrnlFln'"A Test 

SCE inclusion of a test In 
the contract to assess of turbines. 

consider a test which 

inaccurate instrumentation 

to accurate to 
All reasonable efforts 

were made to uncertainties as 
could diminish or even eliminate 

benefjts. For there 

There is no easy way to assess 
even under the 

very common to 
two measurements are taken on the same 

Increase 
into account. Some 
listed below: 
• Instrument 

contributors are 

LP • Instrument calibration 
and 

1 to 

Generator 

1.1 

0.3 
O. 

0.15 
2.3 

5 

as HP turbine steam 

It appear that the best method to assess 
from the LP 

scole ASME PTC-6 a 
Performance Test which the most accurate 
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information about the 

control full scale PTC-6 tests, one before 
and one after the retrofit would be to answer the 
main of what MWe 
This would double the cost 

even more 

In our case SCE and ALSTOM Power that 
accuracy could be achieved without the expense of full 
scale PTC-6 tests. was to 
back-to-back alternative tests per ASME PTC 6- 1, 
on less measurements and 

and modifications made 
and all other factors listed above. 

All between seE and ALSTOM Power 
were reached in advance the contract nc,,~r;t,r;t, 

The Performance Test Plan was fiO\lAI'r;r,p 

in order to formalize all 
most issues were treated per Test Code 

recommendations. of 
the Test Plan: 

• Test 
• Credits for non LP turbine modjfications. 

• Instrumentation 
• Plant isolation details 
• Data collection details 
• conditions each test run 

• Data reduction 
• Test criteria 
• Data corrections 
• loss calculation """>Tn,'.".,,",, 

Two items from the above are of The 
first is test In order to minimize uncertainties 

from the instrumentation drift it was 
the Pre Test would be within 90 

and Post Test would be 

instrumentation of interest 
correction. It was that any deviations of the 
conditions which could not be such as condenser 

condenser modifications and 
described above. All these 

outside of the scope work and it was 

that could have on the overall result of up to 
20-25 MWe. 

retrofit contract, its 
the LP turbine retrofit 

addition to calculated HP MWe 

area and pressure, therefore it became 
to calculate corrections to the test data 
1 st pressure before and after the 
be that these 
increased overall test 

could not be 
measured. Howp.vp.r as SONGS noticed 

station instrumentation and other 
5.5 MWe 

Test Uncertainties 

The alternative test uncertainties than the 
scale ASME PTC 6 test. Ref. 4 states that 

results for steam turbines 
the moisture have an 
for the full scale test and 1 

a 
Pre test and 6 MWe for the Post test in the SONGS case, 

in overall test result as 12 MWe. 
scale 

less suitable for contractual purposes. 

IS to note that test is not the same 
as test tolerance. Test uncertainties are statistical values 

in such a way that bound real test results 
in 95% of the cases. an arithmetic sum of the Pre and 
Post test uncertainties were used for 
the theoretical of the overall test result 

of this range would be smaller. This is because 
Pre and Post test would need to 

in the directions to make this 
The of such an event is small as 

range of 95 to 99.5% 
34) = 0.0067 

Test t(")I'~rnnn'~ on the anothp.r hand are commercial 
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values which are used for warrantee purpose 
answer as to what value should be used in each 

case. Some authors even stated that the tolerances 
not be 5, page 

these values are contractual 
tied to other contractual 

issues. For this reason this is left the scope 
of this paper. 

It was that was necessary to decrease test 
uncertainties to more reasonable values in order to have 

data. test 

has 

The benefit the uU'.K.-"J- is that all 
bias errors are cancelled out as 

is taken. 

more accurate instruments. 
It was to use main steam flow measurements instead 
of feedwater flow to 

• 

station instruments as reference 
was at 9 different locations 
instruments (6 new condenser vacuum basket 

4] were installed in addition to three station 
and 1 st HP turbine pressure was measured 

Inr,or,orv,,'nt instruments. 

of two successive two hour test 
were every 

in 240 raw data For each critical 

±4 
±0.25% 
± 0.5°F 

as extra variables. 
a Isolate Steam Generator blowdown. 

was isolated 
the same for both tests 

order to minimize vacuum correction 
• overall test confidence 
a more reasonable value of 95% 

The of the test was 

was limited in 

from 99.3% to 

upon the above considerations it was concluded that 
the value of :t O. 17% with a confidence of 95% could 
be achieved each test. This the 
back-to-back test of 3.5 MWe 

level of 95% which was believed to be 
test purpose. 

The pre test on SONGS 2 was 
the The intention was to time 

did not work out as intended. 
and a baseline was "';)'UI..)'II'" 

The first Post 
after SONGS 2 

assessment of the 
turbine MWe . was calculated to be 23.2 MWe. 
It was felt at that time that five 

all 

tests were normalized 
the correction curves and formulae. 

under very different 
very close results. This gave us a confidence 

results. The difference between the 
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Pre and Post tests electrical 

to 100% MWt 

MWe Gain for each test 
MWe Gain Due to LP Turbine 

concerns. 
2. The new ALSTOM Power HP turbine 

74 

consequences. 
3. Installation of the new ALSTOM Power LP 
Turbines have SONGS 2 electrical 

22.62 MWe versus the 21.5 MWe 

for the tests and installed 

100.00 
161.033 
872.21 

NA 
3.834 

0.000 

Test Data 

100.11 100.06 
1171.621 1168.344 

806.40 804.89 

21.213 
- 1 0.887 

3.100 
1.200 
0.525 

1 1187.941 1 1 126 
23.232 22.627 22.223 22.409 

--

22.62 MWe 
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